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Abstract of J P1 00801 68 

PROBLEM TO BE SOLVED: To provide an electrostatic 

chuck which can restrain a warpage from being generated in 

its manufacture even when a support substrate is thin and 

compact by a method in which an electrostatic chuck pattern 

is formed on the surface of the substrate and a pattern 

whose shape is identical to. or similar to, that of the pattern . . t 

on the surface or a heat-generating pattern is formed on its 

rear. f^v4" : :.\:\ 

SOLUTION: In an electrostatic chuck, an electrode pattern 2, \ 

for the electrostatic chuck, which is conductive is formed on 

the surface of a support substrate 1 which is composed of an 

electric insulating ceramic, and a pattern 3 is formed on its T 

rear. In this case, protective layers 4 are formed so as to (b> 

respectively cover the patterns 2, 3 on the surface and the 

rear. In this manner, the pattern 2 for the electrostatic chuck . 

is formed on the surface of the support substrate, and the 

pattern 3 whose shape is identical to, or similar to, that of the : { V - ; 

pattern on the surface is formed on the rear. Thereby, it is 

possible to prevent a warpage from being generated in its 

manufacture, its heating performance or its cooling \ - ' 

performance which heats or cools a wafer is enhanced, and } . " ;; *1 

its stability can be enhanced in its heating operation or its ' " • 

cooling operation. •i , fe»ct;"7..V.!- . 
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Japanese Patent Application Laid-Open No. 10-80168 
[Title of the Invention] 
ELECTROSTATIC CHUCK 
[Abstract] 

5 [Purpose] To provide an electrostatic chuck comprising electrode patterns 
for the electrostatic chuck bonded to the surface of a supporting substrate 
made of an insulating ceramic and patterns same as or similar to the 
electrode patterns for the above-mentioned electrostatic chuck bonded to the 
rear face. 

10 [Effect] According to the present invention, with respect to an electrostatic 
chuck, more particularly an electrostatic chuck provided with a heater and 
thus having a heating function, for electrostatically attracting a wafer or the 
like to be a supporting substrate of a semiconductor device, electrostatic 
chuck patterns are formed on the surface of the supporting substrate and 

15 patterns or heating patterns same as or s imil ar to the electrostatic chuck 
patterns are formed on the rear face, so that warp can be suppressed in the 
manufacturing process even if the substrate is thin and compact. Also, 
thermal deformation and warp of the electrostatic chuck or the electrostatic 
chuck provided with a heater can be prevented when a wafer is heated or 
20 cooled and thus the electrostatic attraction power can be stabilized. 

Consequently, an electrostatic chuck and an electrostatic chuck provided 
with a heater with excellent properties and capabilities can be provided at a 
low cost. 

25 Claims 



1. An electrostatic chuck comprising electrode patterns for the electrostatic 
chuck bonded to the surface of a supporting substrate made of an insulating 
ceramic and patterns same as or similar to the electrode patterns for the 
electrostatic chuck bonded to the rear face. 

2. The electrostatic chuck according to claim 1, wherein at least a portion 
of the patterns in the rear face are connected to an electric power source so 
as to be a heating pattern composing as a heating part. 

3. The electrostatic chuck according to claim 1 or claim 2, wherein the 
electrode patterns for the electrostatic chuck in the surface and the patterns 
in the rear face are made of materials having thermal expansion coefficients 
substantially same as each other. 

4. The electrostatic chuck according to any of claims 1 to 3, wherein the 
electrode patterns for the electrostatic chuck in the surface and the patterns 
in the rear face have the substantially same thickness. 

5. The electrostatic chuck according to any of claims 1 to 4, wherein the 
supporting substrate is made of A1N, BN, a compounded body of A1N and BN, 
PBN or Si0 2 . 

6. The electrostatic chuck according to any of claims 1 to 5, wherein the 
supporting substrate is formed by a chemical vapor deposition method or a 
powder sintering method and the patterns in the surface and the rear face 
are respectively formed by a chemical vapor deposition method. 

7. The electrostatic chuck according to any of claims 1 to 6, wherein 
protection layers having substantially same thermal expansion coefficient as 
that of the supporting substrate are formed so as to cover the respective 
patterns in the surface and the rear face. 



8. The electrostatic chuck according to claim 7, wherein the protection 
layers are made of A1N, BN, a compounded body of A1N and BN, PBN or 
Si0 2 - 

9. The electrostatic chuck according to claim 7 or claim 8, wherein the 
protection layers are made by a chemical vapor deposition method. 

[Detailed Description of the Invention] 
[0001] 

[Industrial Field of the Invention] 

The invention relates to an electrostatic chuck electrostatically 
attracting a wafer or the like to be a substrate of a semiconductor device and 
to an electrostatic chuck provided with a heater and thus having a heating 
function. 
[0002] 

[Prior Art and Problems to be Solved by the Invention] 

An electrostatic chuck has been employed for electrostatically 
attracting and supporting a wafer in a molecular beam epitaxy, CVD, 
sputtering, or etching step or the like in the recent semiconductor device 
fabrication process and along with the tendency of higher temperature 
treatment in the fabrication process, a material of an electrostatic chuck has 
been shifted from resins to ceramics (reference to Japanese published 
unexamined Application Nos. 52-67353 and 59-124140) and recently, 
ceramic heaters provided with electrostatic chucks comprising ceramic 
heaters and electrostatic chucks united to each other have been proposed 



(Japanese published unexamined Application Nos. 5 - 109876 and 

5-129210). 

[0003] 

In this case, at the time of forming a film by molecular beam epitaxy, 
CVD, sputtering or the like, since the temperature of a wafer greatly affects 
the properties of the film and the film formation speed, it has been required 
to improve the heating evenness of the wafer. Further, in the case of 
drying etching, since the temperature of a wafer greatly affects the etching 
shape, selective ratio, distribution and the like of fine etching, it has been 
required to improve the cooling property for cooling the wafer. 
[0004] 

In manufacturing the electrostatic chuck, electrode patterns for the 
electrostatic chuck are connected to a substrate and an insulating layer is 

.... .' -• . ■ ■ -h&L: 

formed thereon, and since the materials of the substrate, the insulating 
layer, and the patterns differ one another and especially their thermal 
expansion coefficients differ one another, warp takes place owing to the 
thermal history during the fabrication process and if the warp is significant, 
at the time of finishing grinding of the surface of an insulating layer, a part 
of the pattern layer is exposed to the surface in some cases or even if it is 
not exposed, the dielectric strength of the insulating layer may be decreased 
to result in a defective product. Further, even if the finishing grinding is 
carried out well, thermal deformation or warp of the electrostatic chuck 
occurs at the time of heating or cooling a wafer attributed to the difference 
of the thermal expansion coefficients and the subsequent instable attracting 
force of the electrostatic chuck at the time of heating and cooling has been a 



problem. One means for solving the problem is to use a thick substrate, 
however it results in increase of the heat capacity and increase of the 
electric power consumption and moreover, it takes longer to heat or cool the 
substrate and it results in cost up and accordingly, it is desirable to use a 
thin and compact substrate, if possible. However, if a thin substrate is 
used, the above-mentioned problems is generated and therefore, it is obliged 
to use a thick substrate. 
[0005] 

The invention is accomplished to solve the above-mentioned 
problems and aims to provide an electrostatic chuck or an electrostatic 
chuck provided with a heater whose warp in the manufacturing process is 
slight even if a thin and compact substrate is used and that is capable of 
providing electrostatic attracting force stable from a low temperature to a 
high temperature. 
[00061 

[Means for Solving the Problems and Embodiments of the Invention] 

Based on enthusiastic investigations carried out in order to achieve 
the above-mentioned aim, inventors of the invention have found that: 
thermal deformation owing to the difference of the thermal expansion 
coefficients of a substrate and patterns can be cancelled between the surface 
and the rear face; that warp of the substrate can be suppressed at the time 
of manufacturing the electrostatic chuck even if a thin and compact 
substrate is used; and that the electrostatically attracting force can be 
stabilized because of prevention of the thermal deformation and warp of the 
electrostatic chuck or the electrostatic chuck provided with a heater at the 
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time of heating or cooling a wafer, by forming electrostatic chuck patterns in 
the surface of the supporting substrate and patterns same as or similar to 
the electrostatic chuck patterns in the rear face and more preferably, 
forming both patterns in the same thickness and accordingly, inventors of 
the invention have accomplished the invention. 
[0007] 

That is, the invention provides: (1) an electrostatic chuck comprising 
electrode patterns for the electrostatic chuck bonded to the surface of a 
supporting substrate made of an insulating ceramic and patterns same as or 
similar to the electrode patterns for the electrostatic chuck bonded to the 
rear face; (2) an electrostatic chuck (an electrostatic chuck provided with a 
heater) as described in (1) of which at least a portion of the patterns in the 
rear face are formed to be a heating part by being communicated with 
electric current; and (3) an electrostatic chuck as described in (1) or (2) of 
which the electrode patterns for the electrostatic chuck in the surface and 
the patterns in the rear face are made of materials having thermal 
expansion coefficients substantially same as each other and further 
preferably, having the substantially same thickness. 
[0008] 

Hereinafter, the invention will be described in details. An 
electrostatic chuck of the invention, as shown in Fig. 1 and Fig. 2, comprises 
conductive electrode patterns 2 for the electrostatic chuck formed in the 
surface of a supporting substrate 1 made of an insulating ceramic and 
patterns 3 in the rear face.' In this case, protection layers 4 are formed so 
as to cover the respective patterns 2 and 3 in the surface and the rear face. 



[0009] 

With such a constitution in the invention, the above-mentioned front 
and rear patterns 2 and 3 are made to be same as or similar to each other as 
shown in Fig. 2 and Fig. 3. 
[0010] 

That the front and rear patterns 2 and 3 are same as or similar to 
each other means the basic shapes in the front and the rear faces (e.g. 
concentric, radial, spiral, combteeth-shaped shapes) are coincident with 
each other and it is preferable that: the positional difference of the intervals 
of the front and rear patterns and the positional difference of the rims of the 
patterns are 2mm or smaller; and when the front and rear patterns are 
made to be stacked, the areas of portions where they are not overlapped is 
30% or less of the areas of portions where they are overlapped. From such 
viewpoints, the front and rear patterns 2 and 3 shown in Fig. IB and 1C and 
the front and rear patterns 2 and 3 shown in Fig. 2B and 2C are similar to 
each other, however patterns shown in Fig. 3 are out of the scope of the 
invention since they have no pattern in the rear face. Also, the front and 
rear patterns 2 and 3 shown in Fig. 4 and Fig. 5 respectively are out of the 
scope of the invention since the front and rear patterns 2 and 3 are not 
similar to each other. 
[0011] 

In this case, the above-mentioned patterns 2 in the surface side, as 
shown in Fig., can be formed by conventionally known patterning manner so 
as to be connected to an electric power source and have an electrostatic 
chuck function by applying voltage. The illustrated patterns are so-called 
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bipolar shape patterns and the foregoing constitution is same with respect 

to the patterns with unipolar shapes. 

[0012] 

On the other hand, as shown in Fig. 1, the patterns 3 in the rear face 
side may be composed of a plurality of respectively independent patterns 3a 
such as a plurality of concentric ring-like patterns or the like and 
particularly, the patterns 3 may be patterns 3a with no need of electrical 
connections to one another and as shown in Fig. 2C, the patterns 3 may be 
composed of heating patterns 3b and 3c composing heating parts by 
connecting the heating patterns to an electric power source and applying 

voltage to them and in the case of an electrostatic chuck shown in Fig. 2, the 

electrostatic chuck is made to be an electrostatic chuck provided with a 

heater formed in the rear side. 

[0013] 

The above-mentioned front and rear patterns 2 and 3 are preferable 
to have the substantially same thickness. In such a case, the front and 
rear patterns 2 and 3 are formed to have a thickness of generally 10 to 500 
urn, preferably 20 to 200 ^un. That the front and rear patterns 2 and 3 
have the substantially same thickness means that the difference of the 
thickness between the front and rear patterns 2 and 3 is 100 urn or smaller, 
preferably 50 nm or smaller. 
[0014] 

The thickness of the above-mentioned substrate 1 is properly 
selected and it is generally 2 to 50 mm, preferably 10 to 30 mm and 
particularly in the invention, since problems such as warp are not caused 



even if the substrate 1 is thin, the substrate can be made as thin as 5 mm or 

thinner. 

[0015] 

The thickness of the front and rear protection layers 4 is generally 
10 to 2000 um, preferably 50 to 1000 urn respectively. Moreover, it is 
preferable to form the front and rear protection layers 4 and 5 in such a 
manner that the front and rear protection layers have substantially same 
thickness and the difference of the thickness of the protection layers 4 is 300 
um or smaller, preferably 100 um or smaller. 
[0016] 

A material for the above-mentioned substrate 1 may properly be 
selected among insulating ceramics and same materials as those 
conventionally used for electrostatic chucks can be used, however A1N, BN, 
a compounded body of A1N and BN, PBN, or Si0 2 is preferably used for the 
substrate. In this case, A1N, BN, a compounded body of A1N and BN, PBN, 
or S1O2 is preferably used also for formation of the above-mentioned front 
and rear protection layers 4 and especially, from a viewpoint that thermal 
expansion coefficients should be same, the front and rear protection layers 4 
are preferable to be made of the same material and further these front and 
rear protection layers 4 and the substrate 1 are preferable to be made of the 
same material. 
[0017] 

The electrode patterns 2 for the electrostatic chuck to be formed in 
the surface of the foregoing substrate 1 are made of a conductive material 
and any conventional material that is used as a pattern forming material 
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can be used and generally, conductive ceramics such as SiC or the like, 
carbon, as well as metals of mainly W, Pt, Ag, Cu or the like can be 
exemplified. 
[0018] 

The patterns 3 to be formed in the rear face of the substrate 1 may 
be made of a material having a thermal expansion coefficient substantially 
same as that of the foregoing front patterns 2 above-mentioned, and 
especially, as described above, a conductive ceramic, carbon, and metals are 
preferable to be used for forming the patterns and the material 
substantially same as that of the front patterns is especially preferable to be 
used. That the thermal expansion coefficient is substantially same means 
that the difference between the thermal expansion coefficients of the front 
and rear patterns 2 and 3 is generally 1 x 10- 3 /°C or less, preferably 3 x 
10-6/°C or less. 
[0019] 

In such a manner, patterns for an electrostatic chuck are formed in 
the surface of a supporting substrate: the patterns same as or similar .to the 
front patterns are formed in the rear face: preferably the front and rear 
patterns are made of materials having substantially same thermal 
expansion coefficient each other and are formed in the same film thickness: 
and in the case of further forming protection layers, insulating layers made 
of a material same as that of the supporting substrate or having properties 
approximately same as those of the supporting substrate are formed as the 
protection layers and thus occurrence of warp in the manufacturing process 
can be prevented and the heating or cooling capabilities for heating or 
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cooling a wafer can be improved and the stability at the time of heating and 

cooling can be improved. 

[0020] 

Incidentally, formation methods for the supporting substrate, the 
patterns, and the protection layers are not particularly limited and a variety 
of conventionally known methods can be employed, however it is preferable 
to form the supporting substrate by a chemical vapor deposition method or a 
crushing and sintering method and to form the patterns and the protection 
layers by a CVD method, a PVD method, a vacuum evaporation method. In 
such a case, these methods may be carried out according to conventionally 
known manners. 
[0021] 
[Examples] 

Hereinafter, the invention will be described more particularly with 
reference to Examples and Comparative Examples, however the description 
is illustrative of the invention and is not to be construed as limiting the 
invention. 
[0022] 

[Example 1 and Comparative Example 1] 

Supporting substrates with an outer diameter § of 100 mm and a 
thickness of 2.5 or 10 mm and made of boron nitride by thermal 
decomposition were produced by reaction of ammonia and boron trichloride 
at 1800°C in 100 Torr or lower and then methane gas was 
thermally-decomposed under conditions of 2200°C and 5 Toor to form 
thermally-decomposed graphite layers thereon and the resulting substrates 
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were subjected to processing in the front and rear faces by an end mill to 
form patterns as shown in Fig. 1 to Fig. 5. Further, 200 um-thick 
insulating layers of boron nitride produced by thermal decomposition were 
formed by reaction of ammonia and boron trichloride at 1800°C in 100 Torr 
to produce 15 types of electrostatic chucks and electrostatic chucks provided 
with heaters which were different in the substrate thickness and the 
pattern shapes. 
[0023] 

Correlations between the substrate thickness and the warp after 
production in the respective types of the patterns are shown in Fig. 6. 
Those having electrostatic chuck patterns formed concentrically in the 
surfaces of the supporting substrates and concentric patterns or heating 
patterns with the same shapes of the front patterns formed in the rear faces 
(Fig. 1 and Fig. 2) were found satisfactory to produce electrostatic chucks 
and electrostatic chucks comprising heaters with little warp even if the 
thickness of the substrates was as thin as 2 mm. 
[0024] 

[Example 2 and Comparative Example 2] 

The surfaces of electrostatic chucks comprising substrates with 2 
mm thickness and patterns as shown in Fig. 1 and Fig. 2 and electrostatic 
chucks comprising substrates with 10 mm thickness and patterns as shown 
in Fig. 4 produced in Example 1 and Comparative Example 1 were subjected 
to finishing grinding and the temperature dependency of the electrostatic 
attraction force of each electrostatic chuck was measured by applying 
voltage of 500 V. 
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[0025] 

As a result, those comprising substrates with 10 mm thickness and 
patterns as shown in Fig. 4 and those comprising substrates with 2 mm 
thickness and patterns as shown in Fig. 1 and Fig. 2 were found capable of 
giving approximately constant attracting force in the entire temperature 
range from a room temperature to 400°C. Accordingly, it is confirmed that 
even if the thickness of a substrate is made thin, stable electrostatically 
attracting force can be obtained in the case an electrostatic chuck is 
designed in consideration of the similarity of the shapes of the front and 
rear patterns. 
[0026] 

[Example 3 and Comparative Example 3] 

After supporting substrates with an outer diameter <j) of 100 mm and 
a thickness of 2 mm and made of boron nitride by thermal decomposition 
were produced in the same manner as Example 1 and Comparative Example 
1200 um-thick graphite layers were formed by thermal decomposition and 
electrostatic chuck patterns were formed concentrically in the surfaces and 
heating patterns with the same diameters as those of the patterns in the 
surfaces were formed concentrically in the rear faces by using an end mill. 
After that, the conductive layers so as to compose the electrostatic chucks 
were ground by sand paper to finish them in a thickness of 20 um. After 
that, insulating layers of boron nitride produced by thermal decomposition 
were formed to produce electrostatic chucks provided with heaters and 
comprising the front and rear conductive layers with different thickness and 
their warp after the production was compared with the warp of electrostatic 



14 



chucks provided with heaters and comprising the conductive layers without 
grinding, that is having the same thickness of the conductive layers in the 
front and rear faces. 
[0027] 

As a result, in the case the thickness of the conductive layers was 
same in the front and rear faces, the warp was 50 um, meanwhile in the 
case the thickness of the conductive layers composing the electrostatic 
chucks was 20 um, the warp was 300 um. The deformation was supposedly 
attributed to the thermal stress and the difference of the thickness of the 
conductive layers caused by difference of the thermal expansion coefficients 
of the conductive layers and the substrate and consequently, it is confirmed 
that the thickness of the front and rear conductive layers is preferable to be 
same. 
[0028] 

[Example 4 and Comparative Example 4] 

After supporting substrates with an outer diameter (J> of 100 mm and 
a thickness of 2 mm and made of boron nitride by thermal decomposition 
were produced in the same manner as Example 1 and Comparative Example 
1, 100 um-thick graphite layers were formed by thermal decomposition in 
the surfaces and 100 um-thick Pt layers were formed in the rear faces by 
vapor deposition method and electrostatic chuck patterns were formed 
concentrically in the surfaces and heating patterns with the same diameters 
as those of the patterns in the surfaces were formed concentrically in the 
rear faces by using an end mill. After that, 200 um-thick insulating layers 
of boron nitride were formed on the front and rear conductive layers to 
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produce electrostatic chucks provided with heaters and comprising the front 
and rear conductive layers of the different materials and their warp after 
the production was compared with the warp of electrostatic chucks provided 
with heaters and comprising the front and rear conductive layers both of 
which were 100 urn graphite layers formed by thermal decomposition. 
[0029] 

As a result, the warp of the latter was 50 um, and on the other hand, 
the warp of the former was 500 um, considerably significant as compared 
with the warp of the latter. That is supposedly attributed to the difference 
of the thermal expansion coefficients of the materials of the front and rear 
conductive layers and accordingly, it is confirmed that the materials for the 
front and rear conductive layers are preferably same. 
[0030] 

[Effects of the Invention] 

According to the invention, with respect to an electrostatic chuck, 
more particularly an electrostatic chuck provided with a heater and having 
a heating function, for electrostatically attracting a wafer or the like to be a 
supporting substrate of a semiconductor device, wherein electrostatic chuck 
patterns are formed on the surface of the supporting substrate and patterns 
or heating patterns same as or similar to the electrostatic chuck patterns 
are formed on the rear face, so that warp can be suppressed in the 
manufacturing process even if the substrate is thin and compact. Also, 
thermal deformation and warp of the electrostatic chuck or the electrostatic 
chuck provided with a heater can be prevented when a wafer is heated or 
cooled and thus the electrostatic attraction power can be stabilized. 
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Consequently, an electrostatic chuck and an electrostatic chuck provided 
with a heater with excellent properties and capabilities can be provided at 
low cost. 

[Brief Descriptions of the Drawings] 

Fig. 1 shows a first Example of the invention. Fig. lAis a 
cross-sectional view along the A-A line of Fig. IB and 1C: Fig. IB is a top 
view: and Fig. 1C is a back view. 

Fig. 2 shows a second Example of the invention. Fig. 2Ais a 
cross-sectional view along the A-A line of Fig. 2B and 2C: Fig. 2B is a top 
view: and Fig. 2C is a back view. 

Fig. 3 shows a first comparative example. Fig. 3A is a 
cross-sectional view along the A-A line of Fig. 3B and 3C: Fig. 3B is a top 
view: and Fig 3C is a back view. 

Fig. 4 shows a second comparative example. Fig. 4A is a 
cross-sectional view along the A-A line of Fig 4B and 4C: Fig. 4B is a top 
view: and Fig. 4C is a back view. 

Fig. 5 shows a third comparative example. Fig. 5A is a 
cross-sectional view along the A-A line of Fig. 5B and 5C: Fig. 5B is a top 
view: and Fig. 5C is a back view. 

Fig. 6 is a graph showing the correlations between the thickness of 
the substrates and the warp in electrostatic chucks of Examples and 
Comparative Examples shown in Fig. 1 to Fig. 5. 
[Explanation of Symbols] 

1 a substrate 

2 electrode patterns of an electrostatic chuck 



3 patterns 

4 protection layers 



Translation of the figure 
[Fig. 6] 

lateral axis: warp (urn) 

longitudinal axis: substrate thickness (mm) 

^ the electrostatic chuck of Fig. 1 

A the electrostatic chuck of Fig. 2 

• the electrostatic chuck of Fig. 3 

O the electrostatic chuck of Fig. 4 

□ the electrostatic chuck of Fig. 5 
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